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NOTATION
CONVENTIONAL SYMBOL APPEARING DEFINITION
SYMBOL ON PLOTS

AN COS COEF The cosine coefficient of the N—t-E
harmonic¥

l“ SIN COEF The sine coefficient of the NEh
harnoric*

c C Pressure reading at center hole of
5-hole pitot tube

D - Propeller diameter

Jv Jv Apparent advance coefficient Jv =V
(dimensionless) nD

N N Barmonic number

n —~— Propeller revolutions

P P Pressure

r/R or x Radius or RAD. Distance (r) from the propeller axis
expressed as a ratio of the propeller
radius (R)

R R Reynolds number

n B

R1, R2 R1, R2 Pressure reading at radial holes of
5-hole pitot tube

T1, T2 T1l, T2 Pressure reading at tangential noles
of 5-hole pitot tube

v/u, u/u, Non-dimensional longitudinal velocity
measured by means of boundary layer
pitot tubes

v v Actual model or ship velocity

Vb(x.ﬂ) — Resultant inflow velocity to blade
for a given point

Vg(x) - Mean resultant inflow velocity to
blade for a given radius

Vr(x,e) VR Radial component of the fluid velocity
for a given point (positive toward the

%

( see footnote on page xviii) shaft centerline) .




CONVENTIONAL
SYMBOL

V_(x)

Vr(x.e)/V

v, (x,0)/V
Vt (x)/V

(vt(X)/V)N
Vx(x,B)

V;(x)
vx(x,e)/v
Vx(x)/V

(Jx(x)/V)N
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NOTATION (CONTINUED)

SYMBOL APPEARING

ON PLOTS

VR/V

VRBAR

VT/V

VIBAR

AMPLITUDE

vX/v

VXBAR

AMPLITUDE

xvii

DEFINITION

Mean radial velocity component for a
given radius

Radial velocity component ratio for a
given point

Mean radial velocity component ratio
for a given radius

Tangential component of the fluid
velocity for a given point (positive
in a counterclockwise direction
looking forward)

Mean tangential velocity component
for a given radius

Twngential velocity component ratio
for a given point

Mean tangential velocity component
ratio for a given radius

Amplitude (BN for single screw
symmetric; Cy otherwise) of Nth
harmonic of the tangential velocity
component ratio for a given radius¥

Longitudinal (normal to the plane of
survey) component of the fluid velocity
for a given point (positive in the
astern Jdirection)

Mean longitudinal velocity component
for a given radius

Longitudinal velocity component ratio
for a given point

Mean longitudinal velocity component
ratio for a given radius

Amplitude (Ay for single screw
symmetric; CyN otherwise) of Nth
harmonic of the longitudinal velocity
component ratio for a given radius*
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NOTATION CONTINUED)

CONVENTIONAL SYMBOL APPEARING DEFINITION _
SYMBOL ON PLOTS ‘ .
x/L"L x/LwL Non-dimensional longitudinal location

of boundary layer pitot tubes

¢N PHASE ANGLE Phase angle of Nth harmonic*

*
The harmonic amplitudes of any circumferential velocity distribution

f (8) are the coefficients of the Fourier Series:

N Y]
£8) = &+ A cos (N9) +D B sin(NB)
w4 Mot
=a,+ Cy sin(NO + ¢N)
| 1Y}
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NOTATION (CONTINUED)

Te—rm— e .
CONVENT IONAL SYMBOL APPEARING
SYMBOL ON PLOTS
1-w(x) 1-wx
l-wv(x) 1-wvx
B(x,0) -_—
B(x) EBAR
+AB BPOS

1l-w(r/R) =

B /R ' 1
2 . (V;(x)lv) - x - dx
1-w(r/R) = rhub/R
2 2
L (r/R)" - (rhub/R)

DEFINITION

Volumetric mean velocity ratio
from the hub to a given radius

r/R -
(G; (x)/V) * x - dx
c
/R
2 2
i (x/R)" - (rhubla) _
_ on VxC (x,9)
vhere Vx (x)/v ='I’ R 45
c 0

and Ve (x,8)/v = (vx(x.s)/v)

c
-(Vt(x,e)/V) tan (8(x,9))

Volumetric mean velocity ratio from
the hub to & given radius (without the
tsngential velocity correction)

Advance angle i{n degrees for a given
point

Mean advance angle i{n degrees for s
given radius

varlation of the maximin advaace aagle
from the mean for a given radius
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NOTATION (CONTINUED)

-AB BNEG Variation of the minimum advance
‘ angle from the mean for a given radius
0 Angle in degrees Position angle (angular coordinate)

in degrees

<l

/V

 J Plane of

Propeller

| l’rx/ JV =!<~—V1’/ v——v

VELOCITY DIAGRAM OF BETA ANGLES

ENGLISH/SI EQUIVALENTS

ENGLISH S1

1 inch 25.400 millimetres [0.0254 m (metres]
1 foot 0.3048 m (metres)

1 foot per second 0.3048 m/sec (metres per second)

1 knot 0.5144 m/sec (metres per second)

1 degree (angle) 0.01745 rad (radians)
1 inch Water (60°F) 248.8 pa (pascals)




ABSTRACT

A series of wake survey experiments were
conducted on Model 5365 representing the R/V
ATHENA in the DTNSRDC towing tank. Longitudinal,
tangential, and radial velocity components for
experiments at model speeds of 2.87 knots (1.48 m/s),
5.22 knots (2.68 m/s), 6.96 knots (3.58 m/s), and
13.5 knots (6.94 m/s) are presented. Several compari-
sons are made between wake surveys with different
water depths, trims, and speeds. A comparison between
full-scale and model-scale towing tank wake survey
measurements is also presented. Harmonic analyses
of the circumferential distributionof the velocity
component ratios were performed on the model experi-
mental data and the results are reported herein.

ADMINISTRATIVE INFORMATION

This work was performed under the Controllable Pitch Propeller
Research Program sponsored by the Naval Sea Systems Command (NAVSEA OSR)
and administered by the David W. Taylor Naval Ship R&D Center (DTNSRDC).

The project was funded under Task Area S0379001 and DTNSRDC Work Unit
Numbers 1524-641 and 1524-684,

INTRODUCTION

The David W. Taylor Naval Ship R&D Center (DTNSRDC) conducted a
full-scale wake survey aboard the R/V ATHENA as part of its overall pro-

ject to adapt controllable pitch propellers to high speed combatant ships.

The primary project goal was to obtain propeller disk velocity component

ratios in the wake of a full-scale ship. A description of the R/V ATHENA

full-scale measurements, instrumentation, trial procedures, and measured

data was presented by Day et al.1 The full-scale propeller disk measure-

ments were followed by model wake survey experiments in a wind tunnel and

a towing tank. The wind tunnel experiments and correlation with full-scale

2
measurements were presented by Hurwitz and Jenkins.
A series of wake surveys were conducted on Model 5365 representing

the R/V ATHENA in the towing tank at DTNSRDC. The velocity component

1References are listed on page 13.
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ratios were measured at radii corresponding exactly to the full-scale wake
survey radii, allowing a direct one-~to-one comparison between model and
full-scale data. These experiments were designed to evaluate the differences
in the model wake in the starboard propeller plane with and without the port
propeller operating. The initial wake survey was conducted at a model speed

corresponding to the Froude-scaled speed of the ship without the operating

propeller. The model propeller was removed from the shafting and replaced
by a dummy hub during the wake surveys. The initial model correlation data é
with the R/V ATHENA data were not particularly good. Additional wake surveys
were run to try to improve the model correlation by varying the speed with i
and without the port propeller operating.
The effects of Reynolds number were investigated on the model-scale
wake by running at an increased speed. The speed chosen was the highest
speed for which steady data could be obtained. These variations made no
significant improvement in the correlation of the tangential velocity
components.
In addition, wake surveys were conducted with and without the Bass
Dynamometer Boat, Model 5271, mounted behind Model 5365. This information
was needed for the Bass Dynamometer Boat effect on the flow into the
propeller disk area. The results of these Bass Dynamometer Boat wake

surveys will be presented in a future report.

Finally, in an attempt to further improve the correlation of model-

and full-gscale data, another group of experiments was run to investigate
the water depth and trim effects on the R/V ATHENA. These wake surveys
were conducted in deep water, and at a water depth scaled to the full-
scale trial water depth. The term shallow water will be used only to
differentiate between the scaled water depth and the normal (deep) water
depth used experimentally in this report. Shallow water can change the
wave system due to the model and possibly affect the flow pattern around
the model hull.

The results of the model wake survey conducted on Model 5363
representing the R/V ATHENA in deep and shallow water are also presented
in this report. Comparisons are made between the shallow and deep water
wake surveys with different speeds and trims. Full-scale data are

presented as a comparison with the data obtained from the towing tank




experiments.

DESCRIPTION OF MODEL AND INSTRUMENTATION

Model 5365, representing the R/V ATHENA, was constructed of fiber-
glass having a scale ratio of one to 8.25. The model principal dimensions
are listed with the ship dimensions in Table 1. During the wake survey
experiments, the model was appended with shafts, main Vee-struts, roll
stabilizer fins, and a centerline skeg. Model rudders were not installed
during the first group of experiments. Figure 1 shows the body plan and
bow and stern profiles of the model.

The full-scale parameters for the model experiments were at a
displacement of 263 tons (267 metric ton) salt water and a mean draft of
5.63 feet (1.72 meters). The velocity surveys were conducted in the
propeller plane located 146.2 feet (44.56 meters) aft of the forward
perpendicular on the starboard shaft. Figure 2 shows a drawing of the
Controllable Pitch Propeller.

The full-scale propeller disk was six feet (1.83 meters) in diameter.
The radii at which the measurements were made were expressed as ratios of
the propeller radius (r/R), and were 0.456, 0.633, 0.781, and 0.963 as
shown in Figure 3. The model details during the deep water wake survey
experimenis are shown in Figures 4 through 7. The photographs indicate
the relationship of the pitot tube rake, in the propeller plane, to the
hull and its appendages for these wake surveys.

Figures 8 through 10 present the model details for the shallow water
wake surveys. During these experiments, Model 5365 was appended with the
port rudder and starboard strut barrel extension to better represent the
R/V ATHENA configuration. Wave profiles for a ship speed corresponding
to 15 knots (7.72 m/s) full-scale in shallow and deep water from Experiments
19 and 21 are shown in Figures 11 through 14.

The shape of the pitot tube rake was such that the rake could possibly
change the hull trim or heel while the model was towed. 1In order to insure
the proper trim throughout an individual or group of similar experiments,
the model was locked into either a deep water trim as in Experiments 1

through 12, or the shallow water trim for Experiments 17 through 22.
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The model wake measurement system consisted of the rake, a set of four

differential pressure gages, a stepping motor, and an angle indicator.
Experiments 1 through 16 had one set of gages and Experiments 17 through
22 had two sets. The base pressure for each tube was the center hole. A
description of the use and calibration of five-hole pitot tubes is given
by Hadler and Cheng3 , Hale and NorrisA, and Piens. The carriage computer
integrated, over a 5-second period, the four pressure signals from each
pitot tube, the model speed, and the angular rake position. Digital
voltmeters and frequency counters were used to monitor the values obtained
by the computer. The pressure data were collected and processed according
to established procedures.

The first phase of the data analysis consists of changing the pressure
data into velocity component ratios. The velocity cumponent ratios are
double interpolated in both the radial and circumferential directions.
This process yields interpolated data at every 2.5 degrees (0.044 radian)
for the experimental radii and any additional selected radii. The second
phase consists of a harmonic analysis of these interpolated data which
determines a Fourijer Series, with the results presented as amplitudes

and phase angles of a sine series.

EXPERIMENTS

The experimental program consisted of a series of twenty-two
experiments in deep and shallow water performed in two phases. Phase
one wake measurements were made on the starboard shaft with and without
the port propeller operating. These included Experiments 1 through 16
which were conducted in deep water at the static initial trim of 0.58 feet
(0.18 meters) full-scale by the stern without rudders fitted to the model.
The calibration of the pressure gages and a check-out of the entire
measurement system was Experiment 1. Experiments 2, 3, 4, 5, 6, 8, 9, and
10 were deep water wake survey experiments for model speeds of 2.87 knots
(1.48 m/s), 5.22 knots (2.68 m/s), 6.96 knots (3.58 m/s), and 13.5 knots
(6.94 m/s). Experiment 7 was a short check of values obtained in Experiment
2. Wake survey experiments conducted with the bass dynamometer boat and

Model 5365 with a wake screen at various inclined angles were designated

oot s .

Experiments 11 through 16. The results from Experiments 10 through 16

4




will be presented in a separate report.

In phase two, Experiments 17 through 22 were performed with the model
ballasted to a static initial trim of 0,58 feet (0.18 meters) full-scale
by the stern. The model was then run in shallow water at the desired
speed, allowed to assume a shallow water running trim, and locked in place
at this shallow water trim. Experiment 17 consisted of the calibration
of the pressure gages and Experiment 18 was a shallow and deep water wake
survey for four radii at twenty degree (0.349 radian) increments around
the propeller disk. Experiments 20 and 22 were run in deep water only
for two radii for a full disk and twenty degree (0.349 radian) increments,
respectively. Experiment 19 was a wake survey in deep water at the
shallow water trim setting and Experiment 21 was a wake survey in shallow
water at the shallow water trim setting. Table 2 presents the experimental
program with notes identifying each specific wake survey experiment.
Variations in model speed, trim setting, with or without port propeller,

and water depth for each experiment are included in this table.

PRESENTATION OF RESULTS OF VELOCITY SURVEYS
PHASE ONE - EXPERIMENTS 2, 3, 4, 5, 6, 7, 8, AND 9

The velocity component ratios were measured at radii corresponding
exactly to the full-scale wake survey on the R/V ATHENA. This allowed a
direct one-to-one comparison of the data as presented in Reed and Day6.
Experiments 2, 7, and 8 were performed at a 5.22 knot (2.68 m/s) speed,
corresponding to a Froude-scaled speed of 15 knots (7.72 m/s) full-scale.
Experiments 2 and 7 were performed without the port propeller. Experiment
7 was an abbreviated repeat of Experiment 2. Experiment 3 was performed
without the operating port propeller.

Appendices A and F present the velocity component ratios from
Experiments 2, 7, and 8. Composite plots have been produced which show
Experiments 2 and 8, along with the full-scale data on one grid. These
composite plots presented in Figures 15 through 18 show the effect of the
operating propeller on the velocity components for the four experimental
radii.

Experiment 3 was conducted at a model speed of 6.96 knots (3.58 m/s)
without the port propeller. Experiment 9 was a check of Experiment 3 with

5
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data obtained at least every 45 degrees (0.785 radians). The results of
Experiments 3 and 9 are shown in Appendix B.

Experiment 4 investigated the effect of Reynolds number on the model
wake. This wake survey was run at a speed of 13.5 knots (6.94 m/s) without
the port propeller. This was the highest speed for which steady state
data could be obtained. The trim was locked at the running trim assumed
at the 5.22 knot (2.68 m/s) speed. This experiment also investigated the
scaling laws of wake as close to full-scale conditions as possible. The
data from this wake survey, Experiment 4, are presented in Appendix C.

The velocity component ratios from Experiment 2 at 5.22 knots (2.68 m/s)
and Experiment 4 at 13.5 knots (6.94 m/s) have been plotted together and
are presented in Figures 21 through 24.

Wake survey Experiments 5 and 6 were run at a model speed of 2.87 knots
(1.48 m/s) with and without the port propeller operating. Appendices D
and E present the data for Experiments 5 and 6, respectively.

Harmonic analyses have been performed on the longitudinal and
tangential velocity component ratios for the experiments of phase one.
Figures 19, 20, 25, and 26 have been prepared as composites which show the
results of Experiments 2 and 8, and 2 and 4. Tables of the individual
harmonic amplitudes and phase angles are presented in Appendices A, B, C,
D, E, and F for Experiments 2 and 7, 3 and 9, 4, 5, 6, and 8, respectively.
In each of these appendices, the complete set of sixteen harmonics
calculated for each experiment are presented for the four experimental
radii and eight interpolated radii.

The mean longitudinal (VXBAR), tangential (VTBAR), radial (VRBAR)
component ratios of the velocity vectors, and the volumetric mean wake
velocity ratio (1-WX) are presented in each Appendix. These quantities
except the radial component (VRBAR) are also shown graphically in each
Append ix.

The calculated mean values of the advance angle (BBAR), and the
maximum variations thereof (BPOS) and (BNEG) are shown in tables and
figures plotted as a function of radius in the Appendices. The advance
angles were calculated using an advance coefficient, Jy» of 0.739. A

diagram showing the relationghip between the longitudinal and tangential
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velocity vectors, the advance coefficient, and the advance angles is

presented on page xx.

PHASE TWO - EXPERIMENTS 19 AND 21

Wake survey experiments were conducted in shallow and deep water at
the shallow water trim setting. Experiments 19 and 21 were run from west
to east on Carriage One at a model speed of 5.22 knots (2.68 m/s) with the
propeller operating. The R/V ATHENA trial depth of 55.7 feet (17.0 meters)
was determined from a Coast and Geodetic Survey Chart and could be
considered less than "deep water." The corresponding model-scale water
depth was 6.75 feet (2.06 meters). The data from Experiments 19 in deep
water and 21 in shallow water are presented in Appendices G and H,
respectively. Experiment 21 data have an integration time of one second
at three locations in the shallow water basin. These points were at
90 feet (27.4 meters), 60 feet (18.3 meters), and 30 feet (9.14 meters)
from the end of the shallow water basin. The data from Experiments 8, 19,
and 21 have been plotted together in Figures 27 through 30 to show the
effects of shallow water and shallow water trim.

Harmonic analyses of the circumferential distribution of the
longitudinal and tangential velocities have been performed. The amplitudes
and phase angles for the experimental and interpolated radii are shown in
tabular form in Appendices G and H. Circumferential mean velocity component
ratios, volumetric mean velocities and the advance angles for each survey
are presented in both tabular and graphical form in these Appendices.
Figures 31 and 32 present the composite results of the harmonic analyses
of Experiments 8, 19, and 21. The advance angles were calculated using an

advance coefficient, JV’ of 0.739.

DISCUSSION OF RESULTS
ACCURACY OF INSTRUMENTATION
The measurement system used in these velocity surveys has been
described by Grant and Lin’. The accuracy of the pressure transducer
system is approximately plus or minus three hundredths of an inch of water
pressure (7.5 pascal). The accuracy of the entire velocity survey

apparatus is estimated to be + 1 percentage point on the longitudinal
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velocity component ratio (VX/V), except in areas where steep velocity

gradients occur. In these areas, such as behind a shaft strut, the accuracy

is significantly less.

EFFECT OF HIGHER MODEL SPEED - EXPERIMENTS 2 AND 4

The data from the wake surveys at 5.22 knots (2.68 m/s), Experiment 2,
and 13.5 knots (6.94 m/s), Experiment 4, are presented in Figures 21 through
26. The longitudinal and radial velocity component ratios at these two
speeds show no significant difference except at the 0.781 radius. This
may be due to the roll stabilizer fins not being properly aligned at
the higher speed. The tangential velocity component ratios obtained from
Experiment 4 have peaks which are 4 to 6 percent lower than those obtained
from Experiment 2. The VXBAR shows the same trend, but with a higher
value at the 0.781 radius for Experiment 4 than for Experiment 2. The
VTBAR, 1-WX, and 1-WVX values are all the same.

EFFECT OF OPERATING PORT PROPELLER - EXPERIMENTS 2 AND 8

No significant differences were observed with the longitudinal and
radial velocity component ratios of both these experiments. Generally,
however, the longitudinal velocity component ratios are higher for
Experiment 8 than Experiment 2 especially for the outer two radii - which
would be affected more by the propeller operating on the port side. The
tangential velocity component ratios for all four radii of Experiment 8 are
lower than those from Experiment 2 from 80 to 240 degrees. Except at the
extrapolated values for VXBAR, VTBAR, 1-WX, and 1-WVX near the hub, the

two experiments show no significant differences.

EFFECT OF SHALLOW WATER AND STRUT BARREL - EXPERIMENTS 8, 19, AND 21

As previously stated, the experimental set-up of Experiments 19 and
21 differed from that of Experiment 8 by the extension of the starboard
strut barrel and the addition of the port rudder. The results from
Experiments 19 and 21 indicate that there are no appreciable differences
in the wake due to the water depth of the towing tank at the same trim
setting. However, the setting of the shallow water trim does affect the

results of the wake survey conducted in deep water. The three velocity
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components from Experiments 19 and 21 show differences when compared to

those of Experiment 8. The longitudinal velocity component ratios are
lower for Experiments 19 and 21 than those for Experiment 8, except for the
0.781 radius ratio. The tangential velocity component ratios are generally
lower for Experiments 19 and 21 than those of Experiment 8, except for the
outermost radius ratio of 0.963. These differences in the data are just
beyond experimental accuracy. Mixed conclusions are drawn from results
with the radial velocity component ratios. For radius ratios of 0.456 and
0.781, the values are marginally lower; while for radius ratios of 0.633
and 0,963, the ratios are significantly higher for the shallow water trim
experiments. The VTBAR shows no marked difference due to trim. However,
the VXBAR, 1-WX, and 1-WVX show trends of lower values for shallow water
trim with the shallow water results being the lowest.

DIFFERENCES IN VELOCITY COMPONENT RATIOS BETWEEN EXPERIMENTS

Table 3 presents some of the results from harmonic analysis of the
data from Experiments 2, 7, 3, 9, 4, 8, 19, and 21 for the 0.781 radius.
The analysis of experimental data for these wake surveys shows a trend
toward a higher circumferential mean longitudinal velocity component ratio
for the model trimmed in shallow water with the port propeller turning.
The repeatability of this quantity is good between the R/V ATHENA model
experiments. There is little difference in mean longitudinal velocity
due to the port propeller turning for Experiments 2 and 8. There are no
differences in this quantity for Experiments 19 and 21 due to water depth
at the same trim setting. TFor Experiments 2 and 4, the difference in
mean longitudinal velocity is about 2%. This difference is explained by
the increased Froude number and change in wave pattern while restraining
the trim to a set value.

The trend in the mean longitudinal data is clearly an increase with
increasing speed-length ratio. Table 4 presents the data for mean
velocity components and advance angles for four speeds at a radius ratio
of 0.781. The trend of increasing mean longitudinal velocity with ship
speed is clearly shown in Table 4.

The data from Experiment 2 without the port propeller operating were
compared to that of Experiment 8 with the propeller operating. No

9




significant differences were observed in the longitudinal and radial

velocity component ratios. However, the tangential velocity component

ratio shows about a 2% change due to the propeller operating. The

agreement is considered to be within experimental accuracy with the

present instrumentation.

COMPARISON OF MODEL- AND FULL-SCALE DATA

Experiments 2 and 8 were performed to provide model-scale data for
correlation with full-scale wake survey data. The velocity component
ratios computed from ship and model data are presented in Figures 15
through 18. Table I-1 presents the velocity component ratios for the
full-scale wake survey experiment.

The data from model experiments agree with the full-scale measurements
reasonably well for the outer radii. The large differences in the
longitudinal velocity component in the innermost radius are most probably
due to difficulties measuring model velocities in the vicinity of the
large propeller hub, which is at a significant angle to the flow due to
the shaft angle. The differences between full-scale and model-scale
measurements of the tangential velocity components are also larger for
the innermost radius measured.

The results of the model experiments in deep water at the deep
water trim setting, Experiment 8, and in shallow water at the shallow
water trim setting, Experiment 21, are presented in Figures I-1 through
I-4 along with the full-scale data. A study of the velocity component
ratios presented in these figures shows that the degree of scatter of the
full-scale data is higher than that of the model data in deep and shallow
water. In particular, the full-scale data for the longitudinal velocity
component ratios at the innermost radius of 0.456 show the largest
scatter, and the greatest deviation from the model-scale wake. In part,
this scatter is also due to the fact that the longitudinal velocity
component ratios presented are an average of the longitudinal component
calculated from the radial and tangential velocity component ratios.

This tends to magnify any scatter in the radial and tangential velocity

component ratios. Another possible contributing factor to the scatter
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of the innermost radius is the close proximity of the pitot tube to the
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strut bossings.
The longitudinal velocity component ratios at the innermost radius ¥
are about 107 lower for the ship than for the model, while the peaks of |
the tangential velocity component ratios are about 107 higher for the
ship than for the model. At the two outer radii of 0.781 and 0.963, the
longitudinal velocity component ratios for the ship are 2 to 4 percent
lower than those for the model. The peaks of the tangential velocity i
component ratios at the outer radii are 8 to 10 percent higher for the
ship than for the model. The radial velocity component ratios at the
two outermost radii are about 8 to 10 percent lower for the ship than for
the model.
The periodic propeller blade loads on high speed transom stern vessels
such as the R/V ATHENA arise primarily from the first harmonic of the

tangential velocity component ratio. Calculations of periodic blade

loads by the method of Kerwin and Lee8 indicate that the periodic blade
loads in the wake as measured full-scale would be approximately 27

percent higher than in the wake as measured model-scale.

CONCLUSTONS
1. No significant effect on the mean wake distribution due to the

operating port propeller was observed.

2. The longitudinal and radial velocity component ratios between
wake surveys at 5.22 knots (2.68 m/s) and 13.5 knots (6.94 m/s) show no
difference except at the 0.781 radius due to the change in model speed
above 5.22 knots (2.68 m/s) when the trim was held the same. The
tangential velocity component ratios obtained at 13.5 knots (6.94 m/s)
have peaks which are 4 to 6 percent lower than those obtained at 5.22 knots
(2.68 m/s).

3. The mean longitudinal velocity component increases with increasing
speed when the trim is fixed. The velocity defect from the shafts is less
with increasing speed. Only slight increases occur in the radial velocity

components with a change in speed.

oy p—p—
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4. No appreciable difference in the wake is shown due to the water (

depth of the towing tank when the model is fixed at the same trim setting.
5. The setting of the shallow water trim does seem to affect the

results of the wake survey conducted in deep water. However, this

difference is not significant enough to explain the differences between

the previous model and full-scale experiments. | 4
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Figure 15 - Composite Plot of Velocity Component Ratios from R/V ATHENA
and Model Experiments 2 and 8 for the 0.456 Radius
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and Model Experiments 2 and 8 for the 0.781 Radius
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TABLE 4

EFFECT OF SPEED ON THE CIRCUMFERENTIAL MEAN VELOCITIES, MEAN ADVANCE
ANGLE AND ITS VARIATIONS, AND THE FIRST FOUR HARMONICS

N
EXPERIMENT NUMBER 5 ) 3 | A
SPEED CONDITIONS 2.87 knots (5.22 knots [6.96 knots {13.5 knots
Kl.48 m/s) {(2.68 m/s) [(3.58 m/s) {(6.94 m/s)
CIRCUMFERENTIAL MEAN ;
LONGITUDINAL VELOCITY, vx/v i 1,030 1.059 1.080 1.079
CIRCUMFERENTIAL MEAN
TANGENTIAL VELOCITY, V,./V ~0.002 -0.009 -0.008 -0.001
MEAN ADVANCE ANGLE, B i17.24 17.73 18.05 20.84
MAXIMUM POSITIVE ;
ADVANCE ANGLE, +AB | 1.10 1.48 1.42 1.56
i
MAXIMUM NEGATIVE ;
FfxDVANCE ANGLE, -AB | -1.85 -1.87 -2.31 -1.95
— ;
| FIRST LONGITUDINAL HARMONIC | 0.0248 0.0182 0.0103 0.0279
. SECOND LONGITUDINAL HARMONIC | 0.0185 0.0143 0.0147 0.0122
%THIRD LONGITUDINAL HARMONIC  ; 0.0079 0.0093 0.0093 0.0099
' FOURTH LONGITUDINAL HARMONIC | 0.0047 0.0017 0.0025 | 0.0043
. FIRST TANGENTIAL HARMONIC | 0.1966 0.1950 0.1932 0.1404
%SECOND TANGENTIAL HARMONIC 0.0054 0.0016 0.0037 0.0094
! THIRD TANGENTIAL HARMONIC 0.0021 0.0022 0.0042 0.0049
! FOURTH TANGENTIAL HARMONIC 0.0022 0.0019 0.0027 0.0010
All data for r/R = 0.781 Radius
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APPENDIX A

VELOCITY COMPONENT RATIOS AND HARMONIC ANALYSIS

FOR EXPERIMENTS 2 AND 7
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Figure A-1 - Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratios - Radius Ratio = 0.456
for Experiment 2
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TABLE A-1 R

INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATHENA,

MODEL 5365, EXPERIMENT 2
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TABLE A-7

INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATHENA,

MODEL 5365, EXPERIMENT 7

INPUT DATA
RADIUS = ,45%6
VX/V VI/V
1.002 .013
.970 ~.010
., 954 -.132
1.101 -.122
1.105 -.149
1.122 -.249
1.114 -.206
1.109 -.016
1.119 .144
1.124 217
1.113 . 166
1.104 . 143
1.114 .114
.989 L1
1.013 .041
1.002 .013
RADIUS = ,633
VXSV VI/V
1.003 ~.020
1.042 -.131
t.067 -.196
1.038 ~-.129
1.026 .016
1.002 . 166
1.047 .220
1.047 .220
1.053 .215
1.040 . 181
1.036 . 1595
.972 .039
972 017
. 966 -.019
1.003 -.020

VR/V
-.003
-.033
-.086
-.094
-.08B9
-.026

.056

. 102

.077

.007
-.067
-.078
-.084
-.070
~.022
-.003

VR,V
-.069
-.109
~.006

.096

.13

. 080
-.021
-.020
~.045
-.099
-.113
-, 120
-.098
-.076
-.069

>
nH P
[l e~
-
m

(s}
o
OPWOoOWWWONO

136.
179.
225,
269,
314.
360.

ANGLE
-1.0
19.0
39.3
59.3
91.1
135.1
180.0

224.8
270.7
291 .1
310.0
331.1
351.2
356.8
359.0
359.0

RAD1US

VX/V
.991
.037
. 052
.042
.043
. 052
.073
. 051
-991

- A s a s s

RADIUS =

VXV
1.006

.96t
1.026
1.041
1.053
1.048
1.052

1.051
1.063
1.057
1.056
1.025
1.030
1.007

.991
1.006

. 781
vT/Vv
-.002
~.133
-.196
~.132
~.005
<127
. 185
. 139
-.002

. 963
vVTi/V
.046

-.053

-.108

-.151

~.184

~.128
.003

. 125
.184
. 178
. 150
. 154
.074
.053
.049
.046

VR,V
-.097

AR
. 127
.17%
132
. 027
-.092
-.097

VR/V
~.137
-.144

~.112
~.017

.107

.159

L3
~.003
~.057
-.109
~.149
-.159
-. 150
-.140
-.137
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APPENDIX B
VELOCITY COMPONENT RATIOS AND HARMONIC ANALYSIS

FOR EXPERIMENTS 3 AND 9
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Figure B-1 - Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratios - Radius Ratio = 0.456
for Experiments 3 and 9
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Figure B-2 - Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratlos - Radius Ratio = 0.633
for Experiments 3 and 9
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Figure B-3 - Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratios - Radius Ratio = 0.781
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Figure B-4 - Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratios - Radius Ratio = 0.963
for Experiments 3 and 9
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Figure B-5 - Radial Distribution of the Mean Velocity Component Ratios
for Experiment 3
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, \ TABLE B-1

INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATHENA,
MODEL 5365, EXPERIMENT 3
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TABLE B-7

INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATEENA,
MODEL 5365, EXPERIMENT 9

v -y = e e,

TN i @ et e R s

[P VR

INPUT DATA
RACIUS = .456 RADIUS s .781
ANGLE vX/V vT/V VR/V ANGLE VX/V vT/V VR/V :
-1.0 1.014 .023 -.010 2.9 1.015 -.025 -.092 H
17.6 1.003 -.098 -.076 48.7 1.052 -.137 -.104 5
45,2 1.122 -.168 -.084 89.1 1.063 -.190 .007
63.6 1.121 -.217 -.053 94.6 1.070 ~-.188 .023 §
63.6 1.124 -.216 -.058 133.2 1.058 -.136 .127 :
91.1 1.137 -.241 -.007 140.0 1.054 - 117 .142
109.0 1,132 -.228 .031 179.0 1.075 .002 .182
135.0 1.129 -.170 .076 179.0 1.076 .002 .182
155.6 1.136 -,097 .099 225.5 1.075 .134 . 135
179.7 1.131 ~.003 RRE! 271.4 1.092 . 191 .013
193.0 1.136 .055 .108 316.0 1.072 .128 -.116
224.2 1.138 .159 .081 349.3 1.024 .025 -.127
240.0 1.145 . 196 . 055 351.3 1.020 .0186 -.121
269.6 1.137 .225 .002 355.6 1.027 -.017 -1
269.7 1.145 .224 -.002 362.9 1.015 ~.025 ~-.092
286.1 1.143 .215 -.034
315.0 1.131 .148 -.081
331.0 1.121 .116 -.093 RADILUS = .963
359.0 1.014 .023 -.010 ANGLE VX/V VT/V VR/V
36t.0 1.014 .023 -.010 -.5 1.011 .036 -.13%
-1.0 1.009 .036 -.137
RADIUS = .633 45.5 1.050 -.120 -.145
ANGLE VX/V vT/V VR/V 91.2 1.07t ~.177 -.012
-.3 1.013 ~.035 -.070 135.1 1.056 -.124 L 115
46.0 1.048 ~.133 -1 180.9 1.066 .009 .169
91.7 1.091 ~.189 -.007 225.1 1.066 .133 .119
‘ 137.0 1.053 ~.122 .102 271.0 1.074 .193 -.011
. 137.0 1.056 -, 121 . 101 316.0 1.063 .1358 -.146
: 183.4 1.049 .032 .136 359.0 1.009 .036 -,137
225.5 1.047 .168 . 080 359.5 1.011 .036 -, 135
271.0 1.071% .225 -.032 360.5 1.011¢ .036 -, 135
315.7 1.059 .152 -.129
330.8 1.064 117 ~-.155
340.0 1,047 .035 -.126
351.0 1.016 .005 -.101
358.0 1.014 ~.035 -.074
359,7 1.013 ~.035 -.070
'[‘
]
!
[.
H
r

e
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APPENDIX C

VELOCITY COMPONENT RATIOS AND HARMONIC ANALYSIS

FOR EXPERIMENT L4
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VELOCITY COMPGNENT RATIOS FOR MODEL S365 CORRELARTION WITH R/V RTHENR 4

0.456 RAD.

Figure C-1 - Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratios - Radius Ratio = 0.456
for Experiment 4

112

e dendaih cadhi Skl m sy i it iman i - PP




T T

1.1
*—)‘"‘H!—\—, o
1.0 A{/“/sz‘f\ ~ _ 3
! N
c-9
>
~ J.¢ ;e
><
>
c.7
G.5
0.% :
> L
2.3
c.2
.1 / AJI
i
2 ] b,
— |
- : %ﬁrj r//)(/’
-0.1 e - — ]
kN —F ‘ i
-pg.2 T] 4——‘ IS
i
SR
|
c.2 -
| ‘
~ g | 1L___ _1'
: + ]
O] k e ¥

R

St

20 0 20 40 B0 3C 100 120 140 150 190 200 200 240 250 29C 00 2.0 340 350 33C
ANGLE IN DEGREES
VELOCTTY COMPONENT RATIOS FOR MODEL 5365 CORRELATION WITH R/V RTHENK 4

0.633 RRD.

Figure C-2 - Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratios - Radius Ratio = 0.633
for Experiment 4
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Figure C-3 - Circumferential Distribution of the Longitudinal, Tangential,

and Radial Velocity Component Ratios - Radius Ratio = 0.781
for Experiment 4
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Figure C-¢ - Circumferential Distribution of the Longitudinal, Tangential,
an” Radial Velocity Component Ratios - Radius Ratio = 0.963
] for Experiment 4
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Figure C-5 - Radial Distribution of the Mean Velocity Component Ratios
for Experiment 4
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TABLE C-1

INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATHENA , :
3 MODEL 5365, EXPERIMENT 4

RADTUS = .86 a0tuS 3 L E3Y enrus = L7ay s = ace
R/Y visy were
Ll
998

very
1.031
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APPENDIX D
VELOCITY COMPONENT RATIOS AND HARMONIC ANALYSIS

EXPERIMENT 5
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Figure D-1 - Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratios - Radius Ratio = 0.456
for Experiment 5
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i Figure D-2 - Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratios - Radius Ratio = 0.633

for Experiment 5
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Figure D-3 ~ Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratios - Radius Ratio = 0.781
for Experiment 5
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for Experiment 5
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for Experiment 5
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APPENDIX E

VELOCITY COMPONENT RATIOS AND HARMONIC ANALYSIS

FOR EXPERIMENT 6
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TABLE E-1

INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATHENA,
MODEL 5365, EXPERIMENT 6
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APPENDIX F
\ VELOCITY COMPONENT RATIOS AND HARMONIC ANALYSIS
FOR EXPERIMENT 8
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Figure F-1 - Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratios - Radius Ratio = 0.456
for Experiment 8
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Figure F-2 - Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratios -~ Radius Ratio = 0.633
for Experiment 8

T et WM. o Peve e N




b,
i
i
|
i
:
1

VX/V

]
o
M)

[w)
.
~

-20 0 20 40 60 80 10C 120 40 150 1SC 200 220 240 260 280 300 320 340 350 380
ANGLE IN DEGREES
VELOCTITY COMPONENT RATIOS FOR MODEL S365 CORRELATION WITH R/V ATHENA 8

G.781 RAD.
Figure F-3 - Circumferential Distribution of the Longitudinal, Tangential,

and Radial Velocity Component Ratios - Radius Ratio = 0.781
for Experiment 8
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TABLE P-1
INPUT DATA FOR HARMONIC ANALYSIS FOR
] MODEL 5365, EXPERIMENT 8
; I::’;ﬂ! «uss RAOTUS = RADIUS » -;:I
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APPENDIX G

VELOCITY COMPONENT RATIOS AND HARMONIC ANALYSIS

FOR EXPERIMENT 19
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Figure G-1 - Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratios - Radius Ratio = 0.456
for Experiment 19
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‘Figure G-2 - Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratios - Radius Ratio = 0.633
for Experiment 19 ¥
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Figure G-3 - Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratios - Radius Ratio = 0.781
for Experiment 19
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Figure G-4 ~ Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratios - Radius Ratio = 0,963
for Experiment 19
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Figure G-5 ~ Radial Distribution of the Mean Velocity Component Ratios
for Experiment 19
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Figure G-6 - Radial Distribution of the Mean Advance Angle and Advance
Angle Variations for Experiment 19
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[ | INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATHENA .
|| MODEL 5365, EXPERIMENT 19
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APPENDIX H

VELOCITY COMPONENT RATIOS AND HARMONIC ANALYSIS

FOR EXPERIMENT 21
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Figure H-1 - Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratios - Radius Ratio = 0.456
for Experiment 21
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Figure H-2 ~ Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratios - Radius Ratio = 0.633
for Experiment 21
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Figure H-3 - Circumferential Distribution of the Longitudinal, Tangential,
4 and Radial Velocity Component Ratios - Radius Ratio = 0.781
for Experiment 21
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for Experiment 21
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for Experiment 21
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TABLE H-1

INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATHENA,
MODEL 5365, EXPERIMENT 21
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APPENDIX I
VELOCITY COMPONENT RATIOS FOR R/V ATHENA

AND MODEL EXPERIMENTS 8 AND 21

207

et A O T TG RPI TR W A L R P P o Y PR RO S A T NP 2

e

F O T

R




1

1 i 1 i i | i i
-20 2 20 40 62 2T 107 120 140 152 13C 200 220 240 282 29C 200 220 343 3I5C 2yC
ANGLE IN DEGREES {

¢ VDIOUITY COMPONENT RATIOS TOR R/V RTHENR
x VELQCITY COMPONEZNT RARTIOS fOR MODE!L 5355 GEE® WRTER GNTD TR'M EXP. 4
@ VE!OLTTY COMPONENT RRTIOS FOR MODE! 5365 “HRLLOW WRTER RND TR'M EXP o°

0.4%5 RRD.

Pigure I-1 - Composite Plot of Velocity Component Ratios for R/V ATHENA
and Model Experiments 8 and 21 for the 0.456 Radius
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Figure 1-2 - Composite Plot of Velocity Component Ratios for R/V ATHENA
and Model Experiments 8 and 21 for the 0.633 Radius
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I-3 - Composite Plot of Velocity Component Ratios for R/V ATHENA
and Model Experiments 8 and 21 for the 0.781 Radius
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Figure I-4 - Composite Plot of Velocity Component Ratios for R/V ATHENA
and Model Experiments 8 and 21 for the 0.963 Radius
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DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE.
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION.

3. TECHNICAL MEMORANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE
BASIS.




